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Overview

Guidance material to help the NASA
workforce implement requirements in NPR
7150.2A and promote best practices

Topics of interest
All requirements in NPR 7150.2A

Wiki-based for easier, faster updates and
corrections (*first of its kind*)

Allows developers to easily find and focus on
specific information necessary to comply
with requirements

Accessible from the NEN Software
Engineering Community.ofPractice (CoP)




Credible Guidance

Guidance material developed by a
dedicated team that has topic expertise
or has researched the material which
includes interviews with experts —
including IV&YV personnel

References are provided to related
material both inside and outside of
NPANSYAN

All material is approved for inclusion in
the handbook by the Program Executive
for Software Engineering in the HQ OCE




Intended Audience

SW Developers

SW Managers

SEPG/SPI Personnel

SA Personnel, including IV&V
Project Managers

Tech Authority Personnel
Non-Software Engineers who develop software

Systems Engineers




Relevance for IV&V

Better quality project artifacts
Reference for IV&V personnel

Understand Agencymtentlons s P -
and expectations for software — '
engineering requirements

Compliance matrices for requirements
by software class

Product maturity map and lifecycle review entrance
criteria, material reviewed, and exit criteria

Opportunity to provide feedback for updatesgoased on
experience with projects



Availability

Now avallable on NEN Community
of Practice

All material is complete, reviewed
and in place for use

Agency review Is nearing completion
which will give the handbook its
official approval for use




Where is it?

=

NASA

ENGINEERING NETWORK

SOFTWARE ENGINEERING

Software Engineering

nen.nasa.gov/software ’

Ask an Expert

Ask and Find questions from
Software Engineer Experns

Classification Tool (Beta)

Link to software classification
guide

Contact List

Search and Locate Software
Engineering Expers from
around MNAS,

Document Library

Software Documents

Forums

Discuss and read about what is
gaoing an in software.

Links

Software Engineering External
Links

SUB COMMUNITIES

2L Software Architecture Review Board

NASA Software
Engineering Handbook
(Beta)

MASA Software Guidebook Wiki

NASA Software Process
Asset Library (PAL)

Software Process Asset Library

Reading Room

Find out what other Software
members are reading.

Training

Recommended courses for
software engineers

Suggestions

Have an idea or suggestion for
the community? We want to hear
it!
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Contact Information

Kevin Carmichael
(216) 433-3966

Kathy Malnick
(304) 367-8245

Jon Verville
(301) — 286-8741



mailto:kevin.r.carmichael@nasa.gov
mailto:kathy.d.malnick@ivv.nasa.gov
mailto:jonathan.p.verville@nasa.gov

Questions




Backup Slides




[ Return to main NEN site

NASA
ENGINEERING NETWORK

7180 .2A Handbook = Home
BookB. Book C. Book D Book E_ i
7150 Requirements Guidance » | Topics » | Label Search Utilities g
= y
- L] -

Post Q Download @
feedback page as PDF

1. Welcome 2. SWEHB Introduction 3. Title Material 4. References

Welcome from John Kelly

Welcome to the MASA Software Engineering Handbook (SWEHB). This wiki based handbook provides users and practitioners with guidance
material for implementing the requirements of NPR 71502, NASA Software Engineering Requirements. Use of this SWEHB is intended to provide
“bestin class”™ guidance for the implementation of safe and reliable software in support of NASA projects. This SWEHB is a key component of the
MNASA Software Working Group's (SWG) implementation of an Agency wide plan to work toward continuous, sustained software engineering
process and product improvements.

The SWG designed this handbook for the community that is involved in the acquisition, management, development, assurance, maintenance, and
Software Program  operations of NASA software. Readers can use itto sharpen their skills in specific areas or suggest valuable guidance for others in the MASA
Executive: software community. Movice and experienced software team members can use the handbook as an easily accessible reference or manual which
Jahn C. Keuyﬂ captures the broad knowledge base of numerous experts who have extensive experience in all aspects of MASA's software systems.

In this SWEHB you will see information for determining the scope and applicability of the individual requirements from NPR 7150.2. You will also see rationale,
implementation guidance, tools used in the development of NASA software, pointers to key lessons learned, and select references for further information.

We have adopted the *wiki’ approach for this version of the handbook to encourage you to submit candidate improvermnents to the information in this handbook. Your
comments, suggestions for improvement, offerings of additional candidate material for the handbook, and identification of errors are solicited to make this a living and
ongoing source of useful information. You can use the "Comments” box on almost any page of the wiki to submit your inputs and responses. The 3WG's SWEHB team
will review and disposition your comments to enhance the wealth of useful material which is now at the fingertips of NASA's software community.

We hope you find the information provided by many contributing experts, distilled into useful chunks by the SWEHB team, and jointly reviewed by MASA's 3WG and
MNASA's MSSC ™ members helpful in your day to day quest for engineering excellence.

* Chartered by the NASA Engineering Management Board and funded by the NASA Headquarters Office of Chief Engineer
** MASA Mission Software Steering Committee

(Contact the SWEHB site admin for resolution of technical difficulties.)
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This section contains guidance, rationale, and lists of useful resources and tools related to each and every one of the requirements in NPR 7150.22. You can use the table

w Browse 3 Login

below ar to see the full text of all requirements and links to our guidance on each, follow this link: Full 7150.24 Requirements List.

7 -newly added (March 6, 2012), TOTAL # OF SECTIONS RELEASED: 135

Chapter 1. Introduction

SWE 001-006 Chapter 1 full text (NODISR
SWE-001 - Effective Date

SWE-002 - Software Engineering Initiative

SWE-003 - Center Improvement Plans

SWE-004 - OCE Benchmarking

SWE-005 - Software Processes

SWE-006 - Agency Software Inventory

Chapter 2. Software Management

Requirements

SWE 013-048, 130134 Chapter 2 full text (NODIS)®
SWE-013 - Software Plans

SWE-130 - Develop a software safety plan

SWE-131 - Independent Verification and Validation
Project Execution Plan

SWE-014 - Execute Planning

SWE-015 - Cost Estimation

SWE-016 - Softiware Schedule

SWE-017 - Project and Software Training
SWE-018 - Sofiware Activities Review

SWE-019 - Sofiware Life Cycle

SWE-020 - Sofiware Classification

SWE-132 - Independent Software Classification
Assessment

SWE-133 - Softiware Safety Determination
SWE-021 - Transition to a Higher Class
SWE-022 - Software Assurance

SWE-023 - Software Safety

SWE-124 - Safety Critical Software Requirements
SWE-024 - Plan Tracking

S

Chapter 3. Software Engineering (Life-

Cycle) Requirements

SWE 049-078,135,136 Chapter 3 full text (MODIS¥E
SWE-049 - Document Software Requirernents
SWE-050 - Software Requirernents

SWE-051 - Software Requirernents Analysis

SWE-052 - Bidirectional Traceability Between Higher

Chapter 5. Software Documentation

Requirements

SWE 102-119, 138 Chapter 5 full text (NODIS)A
SWE-102 - SW Developrment-Management Plan
SWE-103 - Software CM Plan

SWE-104 - Software Test Plan

SWE-105 - Software Maintenance Plan

Level Regquirements and Software Requirements
SWE-053 - Manage Requirements Changes
SWE-054 - Corrective Action for Inconsistencies
SWE-055 - Reguirements Validation

SWE-056 - Document Design

SWE-057 - Software Architecture

SWE-058 - Detailed Design

SWE-059 - Bidirectional Traceability Between Software
Reguirements and Software Design

SWE-060 - Coding Software

SWE-061 - Coding Standards

SWE-135 - Static Analysis

SWE-062 - Unit Test

SWE-063 - Release Yersion Description

SWE-064 - Bidirectional Traceability Between Software
Design and Software Code

SWE-136 - Software Tool Accreditation

SWE-085 - Test Plan. Procedures, Reports

SWE-086 - Perform Testing

SWE-067 - Verify Implementation

SWE-0G8 - Evaluate Test Resulis

SWE-069 - Document Defects and Track
SWE-070 - Models, Simulations. Tools

SWE-071 - Update Test Plans and Procedures
SWE-072 - Bidirectional Traceability Between Software
Test Procedures and Software Requirements
SWE-073 - Platform or Hi-Fidelity Simulations

SWE-106 - Software Assurance Plan

SWE-107 - SW Training Plan Contents

SWE-108 - Center SW Improvement Plan
SWE-138 - Software Safety Plan Contents
SWE-109 - Software Requirements Specification
SWE-110 - Software Data Dictionary

SWE-111 - Software Design Description
SWE-112 - Interface Design Description

SWE-113 - SW Change Reguest Problem Report
SWE-114 - Software Test Procedures

SWE-115 - Software User Manual

SWE-116 - Software Version Description
SWE-117 - Software Metrics Report

SWE-118 - Software Test Report

SWE-119 - Software Documentation Reguirements -
Software Inspection.Peer Reviews, Inspections

Chapter 6. Tailoring, Engineering

Technical Authority, and Compliance
Measurement

SWE 120-129, 131, 139-18hapter 6 full text (NODISY®
SWE-120 - General Exclusion from Reguirements
SWE-121-Document Alternate Reguirements
SWE-122 - Technical Authority Appointrnent
SWE-124 - ETA OCE Compliance

DA A7 Deamiiremmemte oemmredimmee B =briv
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SWE-055 - Requirements Validation

1. The Requirement 2. Rationale 3. Guidance 4. Small Projects 5. Resources G. Lessons Learned

1. Requirements

3.1.2.3 The project shall perform requirements validation to ensure that the software will perform as intended in the custormer environment.

1.1 Notes

Requirements validation includes confirmation that the requirements meet the needs and expectations of the customer. Requirement validation is confirmation, through
the provision of objective evidence, that the requirements for a specific intended use or application have been fulfilled.

1.2 Applicability Across Classes

Class A_SC |A_MNSC B_SC B_MNSC C_SC C_MNSC D_SC D_NSC E_5C E_NSC F 5 H

Applicable? @ @ V] V] V] V] V] (%] V] a v v a

Key: A_SC=Class A Software, Safety Critical | A_NSC = Class A Software, Mot Safety Critical | .. | & - Applicable | E3 - Not Applicable

2% - Applicable with details, read above for more | P(C) - P(Center), follow center requirements or procedures
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1. The Requirement 2. Rationale 3. Guidance 4, Small Projects 5. Resources 6. Lessons Learned

2. Rationale

Requirements are the basis for a project. They identify the need to be addressed, the behavior of the systemn, and the constraints under which the problem is to be
solved. They also specify the performance of the product to be delivered by a contracted provider of software.

Requirements that accurately describe the need to be solved by the projectteam need o he defined
hefore the main planning and building activities begin. Validation is one way to ensure the requirements Perthe NASA V&Y Technical Framework 202 document,

define the need completely, clearly, correctly, and consistently to give the software engineers the best “The objective of Requirements V&Y is to ensure the
chance to build the correct praduct. systermn’s software requirements are high quality
(correct, consistent, complete, accurate, readable, and
“alidation is a process of evaluating arifacts to ensure that the right behaviors have been defined in the testable), and will adequately meet the needs of the
artifacts. The right behaviors adequately describe what the system is supposed to do, what the system system and expectations of its customers and users,
is not supposed to do, and what the systemn is supposed to do under adverse conditions. considering its operational environment under nominal

and off-nominal conditions, and that no unintended
pne understands and agrees features are infroduced. ~

Marasco (2007) describes requirements validation as; *“making sgre eve
an the requirements put forth, and that they are realistic and precige” ma

Other reasons for validating requirements:

» Toensure customer satisfaction with the end product

o Toreduce costs (i.e., getitrightthe firsttime)

#» To gain confidence that the requirements can be fulfilled for the intended use
« Toclarify meaning and expectations
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1. The Requirement 2. Rationale 3. Guidance 4, Small Projects 5. Resources 6. Lessons Learned

3. Guidance

The basicvalidation process is shown below with the steps addressed by this requirement highlighted:

Establish Validation
Environment
o oLl IR - N
for \Validation Products Resuits Comective A
Establish Walidation
Procedures and
Criteria

Validation activities are notto be confused with verification activities as each has a specific goal. Validation is designed to confirm the right system is being
produced while verification is designed to confirm the product is being produced correctly.

Requirements validation, as used in this requirement, addresses all of the following:

« Confirmation of the correctness, completeness, clarity, and consistency of the requirements with stakeholders
« Confirmation that the requirements will be fulfilled by the resulting product
» Confirmation that implied or inherent requirements (e.g., system should do X before Y) are correctly implemented

Walidation activities are not performed in an ad hoc manner, but are planned and captured in a validation plan document. The validation plan is typically part of a
verification and validation (V&Y) plan, a software V&Y plan (3VVF), oris included in the Software Management/ Development Plan (SMP/S0DP).

All requirements need to be validated. Categories include, but are not limited to:

£957 with guidelines in the NASA Systerns Engineering

» 3ystem requirements (note that systems level validation procedures are described in MFR 7123.1
Handbook 222}
» Subsystem requirements

a D=fate remlircrmontc




FPeer review [inspection checklists
Formal review checklists
Analysis procedures

Acceptance test procedures

Samples are included in the Resources section of this guidance, but Center procedures take precedence when conducting requirements validation activities ata
particular Center.

Arequirements traceahility matrix may also be useful to ensure that all requirements are validated. The matrix could include:

# Links to higher-level requirements which identify/define user needs
+ Aplace to record validation methods
» Aplace to record or reference the validation results

Some common issues related to requirements validation include; a1z

» Confusing management of requirements with validation of requirements
« Managing requirements will not ensure they are correct
» When using prototyping to validate requirements,

& Failing to keep the focus on whatthe software is supposed to do
& Allowing the focus to shift to the howthe system will look when it is done

» Failing to re-validate requirements as they change during the project life cycle

# Getling stakeholders with different views to agree on a single version of a requirement; interpretation can be troublesome

» When using visual models to bridge the communication gaps among stakeholders, only translating a limited number of requirements into visual models
(often due to time or budgetary constraints)

# Failing to link the text to visual models; both are needed for understanding

» Failing to use a formal process to track all versions of the requirements as they change during the project

Additionally, it is important to confirm with stakeholders that their needs and expectations remain adequately and correctly captured by the requirements following
resolution of conflicting, impractical and/or unrealizable stakeholder requirements.

While the Software Requirements Review (SRR} addresses more than just “getting the requirements right”, the SRR can include that action as part of the review.

See also related requirements in this handbook:

SWE-029 Validation planning
SWE-031 | Validation resulis
SWE-073 Plafform or hi-fidelity simulations)

SWE-102 3SW development'management plan
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SWE-055 - Requiremets Validation

1. The Requirement 2. Rationale 3. Guidance 4. Small Projects 5. Resources 6. Lessons Learned

4. Small Projects

Small projects need to balance the effectiveness of the available methods against available resources to validate requirements associated with software. Safety critical
requirements, human rated requirements, and other critical requirements need to be validated with appropriately rigorous methods which are documented in the
project's software development/management plan.

Comments

A Disclaimer Any comments below have not been reviewed and are not endorsed by the Office of the Chief Engineer. Use with discretion. It is the intention of the
MASA Software Handbook Team to encourage conversation and inputs from across the agency on this wiki site in order to capture diverse perspectives. See
this page for more information.

Comments (3)
Hide Comments | Collapse Al | Add Comment

Anonymous says: Sep 14, 2011

Well done. Mo suggestions.

Scott Morgan

Ennlv
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1. The Requirement 2. Rationale 3. Guidance 4. Small Projects 5. Resources 6. Lessons Learned

5. Resources

o Click here to view master references table

» [SWEREF—DD?,I MASA IVEY Technical Framewaork WY 09-1, Revision M, NASA Independent Verification and Validation Program, 2011,

+ (SWEREF-012} “Checklist for the Contents of Software Requirements Review (SRR)” 580-CK-005-02, Software Engineering Division, MASA Goddard Space
Flight Center, 3009,

o (SWEREF-041) NASA Systems Engineering Processes and Requirements wi Change 1 (11/04/09) NPR 7123.14, NASA Office of the Chief Engineer, 2009,
o (SWEREF-042) "Peer Review Inspection Checklist.” R2Y0, MASA, 1990,

of (SWEREF-061) "Software Eequirements Enqineering: Practices and Techniques.” JPL Document D-24994, MASA Jet Propulsion Laboratory, 2003,

of (SWEREF-079 120 Inspections, Peer Reviews, and Walkthroughs,” 580-2P-055-01, Information Systemns Division, NASA Goddard Space Flight Center
(GSFC), 2006,
o (SWEREF-0286) “Product Requirements Development and Management Procedure,” 5526_7-21-06_Req_RevA_generic-R1Y0, 2006, See Section 4: Validate
Requirements
o (SWEREF-091) "Requirements Management ” 580-PC-024-02, Software Engineering Division, NASA Goddard Space Flight Center (GSFC). 2010,

o (SWEREF-092) "Requirements Peer Review Checklist” 580-CK-057-01, Information Systems Division (150), MASA Goddard Space Flight Center (GSFC)
2006,
o (SWEREF-151) Easterbrook, Steve, "Experiences Using Lightweiaght Formal Methods for Reguirements Modeling.” 1998. Accessed November 2011 from
http:#intrs.nasajgoviarchive/nasalcasi.ntrs.nasa.gow19930016986_1998065191.pdf.

o (SWEREF-206) Hooks, Ivy F., Farry, Kirstin A., "Customer-Centered Products: Creating Successful Products through Smart Requirements Management,”
American Man§gement Association, Mew York, 2001,

o (SWEREF-209) IEEE Standard for Software Verification and Validation IEEE Computer Society, IEEE Std 1012-2004, 2004. This link requires an account on
the MASA START (AGCY NTSS) system (hitp:i'standards.nasa.gov ). Once logged in, users can access Standards Organizations, IEEE and then search to
getto authorizgd copies of IEEE standards.

o (SWEREF-Z09 IEEE Standard for Software Verification and Validation IEEE Computer Society, IEEE 3td 1012-2004, 2004. This link requires an account on
the MASA START (AGCY NTS3) system (hitp:istandards.nasa.gov ). Once logged in, users can access Standards Organizations, IEEE and then search to
getto authorizgd copies of IEEE standards. Chapter 7

» (SWEREF—21ZEIEIIEEE Computer Society, “IEEE Standard for Software Reviews and Audits”, IEEE Std 1028, 2008. This link requires an account on the NASA
START (AGCY NTS3) system (hitp:iistandards.nasa.gov). Once logged in, users can access Standards Organizations, IEEE and then search to get to
autharized copjes of IEEE standards.

* (SWEREF—QE:LIIEEE Computer Society, “Systems and software engineering — Software life cycle processes”, ISONEC 12207, IEEE Std 12207-2008, 2008.
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getto authorized copies of IEEE standards. Chapter 7

s [(SWEREF-219) |EEE Computer Society, “IEEE Standard for Sofiware Reviews and Audits™, IEEE Std 1028, 2008. This link requires an account on the MASA
START (AGCY NTSS) system (hitp:/'standards.nasa.gov). Once logged in, users can access Standards Organizations, IEEE and then search to get to
authorized copies of IEEE standards.

* (SWEREF-224) |EEE Computer Society, “Systems and software engineering — Software life cycle processes” ISONEC 12207, IEEE Std 12207-2008, 2008.
See Key section: Stakeholder Requirements Definition Process. This link requires an account on the NASA START (AGCY NT33) system
(hitp:iistandards.nasa.gov ). Once logged in, users can access Standards Organizations, IEEE and then search to get to authorized copies of IEEE
standards.

o (SWEREF-247) Marasco, Dr. Joe, “The importance oftesting software requirements”. 2007, In www.techtarget com. Accessed June 2011 from
hitp.'searchsoftwarequality.techtarget.com/news/ 1 275907/ The-importance-of-testing-software-requirements. Reguires Free Membership to view content.

s [(SWEREF-273) NASA Systems Enagineering Handbook NASA SP-2007-6105, Rev1, NASA Headquarters, 2007,

& (SWEREF-273) MASA Systems Engineering Handbook MASA SP-2007-6105, Rev1, NASA Headquarters, 2007. See 6.2 Requirements Management.

* (SWEREF-274) "Safety and Mission Assurance Acronyms, Abbreviations, and Definitions.” NASA Technical Standard, NASA-STD 8709.22, 2010,

* (SWEREF-276) MASA Technical Standard, “NASA Software Safety Guidebook”, NASA-GB-8719.13, NASA 2004

* (SWEREF-277) MASA Technical Standard, “Software Formal Inspections Standard”. NASA-STD-2202-93, MASA Office of Safety and Mission Assurance
1993, Mote: Link provded here is the same you will be redirected to from the Agency PAL on MEM.

o (SWEREF-304)Raja, UA (February, 20091 "Empirical Studies of Requirements Validation Technigues.” IEEE Computer. control and Communication. 2009,
IC% 2009. 2nd International Conference. Retrieved on February 29, 2012 from hitptieeexplore.ieee. org/stamp/stamp.jsp?armumber=04909209. This link
may require you to be logged in on your MASA network or to have an account on the MASA START (AGCY NTSS) system (hitp.istandards.nasa.qov ). Once
loggedin, users can access Standards Organizations, IEEE and then search to get to authorized copies of IEEE standards.

& (SWEREF-322) Brooks, Frederick P.. "Mao Silver Bullet: Essence and Accidents of Software Engineering,” Computer, Vol. 20, No. 4 (April 1987 ) pp. 10-19.

s (SWEREF-387) “Software Review Handbook,” JPL D-25798 Rev. 0, NASA Jet Propulsion Laboratory (JPLY, 2005,

* (SWEREF-513) Mars Climate Qrbiter Mishap Investigation Board - Phase | Report Fublic Lessons Learned Entry:0641. In MASA Engineering Metwork.
Retrieved 13:40 May 1, 2012 from hitp:/fmww.nasa.gowofficesioce/llis/0641 . html.

5.1 Tools

Tools relative to this SWE may be found in the table below. You may wish to reference the Tools Table (click here to visit) in this handbook for an evalving list of these
and other tools in use at NASA MNote that this table should not be considered all-inclusive, noris it an endorsement of any particular tool. Check with your Center to
see what tools are available to facilitate compliance with this requirement.

Tool  Type Owner/Source Link Description User
name
) http e wi- i ; . : -
1BM COTS IBM Rational 01.bm comzoftware/awdtoclzirhapsody .. | IBME Rational® Rhapsody@ family provides collaborative design and V&Y
Rhapsaody development for systems engineers and software developers creating real-  GSFC 7

time or emhbedded systems and software. Rational Rhapsody helps diverse
teams collaborate to understand and elaharate requirements, abstract
complexity visually using industry standard languages (LML, SyshL,
AUTOSAR, DoDAF, MODAF, UPDM), validate functionality early in
development, and automate delivery of innavative, high quality

products.” (NOTE: Several versions are listed on the wehsite for architecture,
system engineering requirements analysis, design and model
management, simulations to validate requirements and analyze architecture,
and code generation. Unsure which versions are used within NASA. Listed
requirements are those related to these topics.)
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1. The Requirement 2. Rationale 3. Guidance 4, Small Projects 5. Resources 6. Lessons Learned

6. Lessons Learned

A documented lesson from the NASA Lessons Learned database notes the following:

Mars Climate Orbiter Mishap Investigation Board - Phase | Report. Lesson Number 0641: & mishap could have been prevented if requirements validation had caught a
mismatch between interface documentation and the requirements."Becausetne mismatch was not caught, the Mars Climate Orbiter (MCO) spacecraft was lost due to

“the failure to use metric units in the coding of a ground software file...used in trajectory modeld. .. The gata in the _._file was required to be in metric units per existing
software interface documentation. © The data was provided in English units per the requiremengs
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This section contains special features and topics which contain material that is broader than any one Software Engineering requirerment. Many take the form of how-to's and
instructionals for those wishing to learn about the state of software engineering within MASA

7.1-History and Qverview of the Software Process Improverment (SP1) Effort
7.2 - Classification Tool and Safety-Critical Assessment Tool

7.3 - Acguisition Guidance

7.4 -Flowdown of MPR Requirements on Contracts and to Other Centers in Multi-Center Projects
7.5 - Waork Breakdown Structures That Include Software

7.6 - Software Test Estimation and Testing Levels

7.7 - Software Architecture Description

7.8 - Maturity of Life Cycle Products at Milestone Reviews

7.9 -Entrance and Exit Criteria

710 -Peer Review and Inspections Including Checklists

7.11-Model Based Development and Auto-generated Code

7.12 - Qualification of Flight Software

7.13 - Transitioning to 2 higher class

7.14 - Implementing Measurement Requirements and Analysis for Projects
7.15 - Relationship Between NFR 7150.2 and NASA-STD-7009

7.16 - Traceability of 7150.2 to other MNPRs, NASA-STDs

717 -7150.24 Appendices (Definitions, References, efc.)
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6. Product Acceptance and Control

1. Purpose and Intro 2. Planning 3. Solicitation, Selection, and Award 4. Technical Monitoring and Quality Assurance 5. Contract Administration

7. Contract Closeout 8. Useful Practices, Activities and Templates 9, References

1. Purpose

1.1 Roles

This topic discusses guidance for projects implementing those requirements in NPR 7150 2, NASA Software Engineering Requirements, that address software
acquisition. This guidance is intended for all persons responsible for the software acquisition process, from the planning stages through contract closeout. Acquisition
may involve procedures and regulations external to the software community, including variations by contract type; therefore, it is important to consult Center guidance and
coordinate acquisition activities amaong the proper stakeholders, including, but not limited to, software engineering, procurement, finance, and contracts.

Role Responsibility

Project Manager Approve procurement plan.

Software Lead Engineer Frepare procurement plan; prepare staterment of work (SOW) software requirements and software data requirements for the
contract; monitor execution of contract; conduct trade studies, engineering analyses.

Systemn Engineer Conduct trade studies, engineering analyses.

Contracting Officer (CO) Prepare acquisition approach, prepare solicitation, guide proposal evaluation, prepare contracts, prepare modifications to
contracts.

Contracting Officer's Technical Work with CO to plan acquisition approach, prepare S0W, evaluate proposals, determine the technical adequacy of proposed

Representative (COTR) approach, monitor technical implementation.

Software Technical Authority Before contract release, verify that the SOW includes the complete flowdown of the Agency and Center software requirements

[recommended practice].




7.8 - Maturity of Life Cycle Products at Milestone Reviews feadhack

page as PDF

This chart summarizes current guidance approved by the NASA Office of the Chief Engineer (OCE) for software engineering life cycle products and their maturity level at
the various software project life cycle reviews. This chart serves as guidance only and NASA Center procedures should take precedence for projects atthose Centers.

The chart was constructed using the software engineering products from NPR 7150.2, the project life cycle reviews from NPR 7123.1 221 previous work from the NASA
Software Waorking Group to map products to life cycle reviews, and additional information gathered from these NPRs, NPR 7120-50 (MM 7120-81) 222 and individual
MNASA Center procedures. Draftversions of the chart were reviewed by the NASA Software Working Group resulting in this chart which represents the current consensus
guidance from this collection, collation, and review process.

NPR 7150.2 does include life cycle products which are not included in the chart and there are life cycle reviews which are also not represented in the chart.
Insufficient information currently exists or consensus was not reached for those elements which will all be considered for future updates to this chart.

7150.2 Software Life Cycle Products [eoH =Rl [52H]

Software Development Flan (SDOFP) / Software Management Flan (SMF) u

Software Schedule

Software Cost Estimate

Software Configuration Management Plan (SCMP)
Software Test Plans

Software Test Procedures

Software Test Reports

Software Maintenance Plan

Software Assurance Flan(s)

Software Safety Plan, if safety-critical siw

Software Requirements Specification (SR3)
Requirements on 0TS sfw

Software Data Dictionary

Software Design Description (Architectual Design)
Software Design Description (Detailed Design)

T T @ T O m®m @ C
m m e e = = = =

Interface Design Description

Software User's Manual (SUM)

Records of Continuous Risk Management

Measurement Analysis Resulis

Cperational Concepts (par of "Mission Operations Concept” or separate)
Record of trade-off criteria & assessment (make / buy decision)

Acceptance Criteria and Conditions

MCR = Mission Concept Review, SRR = Systern Requirements Review, MDR = Mission Definition Review, SDR = Systemn Definition Review, PDR = Preliminary
Design Review, CDR = Critical Design Review, SIR = System Integration Review, TRR = Test Readiness Review, SAR = System Acceptance Review, ORR =
Operational Readiness Review
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Multi-Select Tag Usage Tag Cloud

Quick Start

This section of the Software Engineering Handbook allows you to select single or multiple labels from the table and see which sections of the handhook have
those labels. The multiple search is an AND operation, so any page returned in the search below has all ofthe labels you have selected.

Flease check the boxes of the labels which you wish to search for, and scroll to the bottom to find the Search button. The search results will display just below that. If you
do not get any search results, that probably means you have been too restrictive in your search, so checking fewer boxes will ensure you have some results.

Label Table

Role and Discipline

Software systems engineer (Hole: Jpftware requirements engineer (Role: Design (Role: Product Development)
Product Development) (SSE) oduct Development) (SRE) Ll (DESIGM} Ll Development) (C-|

Testing and Werification (Role: Produd Hoduct Releaze (Role: Product Sustaining Engg & Maintainance (Role:
Development) (V-V} OEvelopment) (PRY D Product Development) (SUS ENGR)

ana@ment[ (PF}

Management) (Pl} Management) (PC)

Project Planning (Role: Proj i L
Management) (PP} oject Management) (PM-C}

Organization Supporth (SA

Organization Support) (CM Support) (PEY

O
L
L
O

|

a

Iraining (Role: Organization Support) i e Acquisition Role [ isii DusraiontiRole. cauisten Rals:

IRAIN} (IN-OVER} Role} [sr.n

[ ] Best Practice (BP) [ ] Iool=TOOL)

. . £

Responsible Organization
c Chisf Engi (CCE Projsct I (Pu c SHA Di q L ASA Chief Safety & M
Ll L] Assurance Officer & Orgamzﬁmun Ll

i W
Organization (HACE) L] Ll

Software Releaze Authority (SRA) ]
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— . — . — 5 — 5

[ANSC) (BHSC)
Ll [CHSC) Ll L] [DHSC) L]
L] st L] L] ]

Class H Software (H) ]

Documents

E (L P ] } Studies (STUDES
L] PROCEDURE} L] oriented (PROCESS) L] L]

Milestone Reviews

Uizzinn Conpept Bevisw (LICR ] System Requirements Review (SRR) | | Saftware Requirements Review [ Lizslan Rezign Bevisw IRR [ ]
Zyatem Deslgn Bevisw (LR [ Erelwinary Lesign Revisw 1BLAL [ Lrttizal Lezign Review 1C0R [ Preductien Readinsss Bevisw PRE. - []
. ion Review (SR [ Test Readi Review (TR s ; Review (SAR o ional Readi Review (ORR 0]
Elight Readiness Review (FRR) ]

Perform Search

[ Search ] [ Clear all checkboxes

Search Results

@ You currently cannot print this list of results, but that feature will be implemented soon. In the meantime, you may be able to copy and paste the resulting
tahle (after you perform a search)into an M3 Word document to print or an email to send to someone.

Title )
SWE-021 - Transition ta a Higher Class
SWE-023 - Software Safety

SWE-026 - Commitment Change Agreements

SWE-028 - Yerification Planning
SWWE-037 - Software Milestones

SWE-039 - Software Supplier Insight

SWE-049 - Document Software Reguirerments

SWE-050 - Software Requirements

SWYWE-041 - Soffware Requirements Analysis

e e - Bidirarticornal Traraahilibe Baberooln Hicdbar ]l aval Barnirarmonte amd Cafthearo Bornirarmonte
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o This table includes tools from across the handbook. Mote that this table should not be considered all-inclusive, nor is it an endorsement of any particular tool. Check
with your Center to see what tools are available to facilitate compliance with requirements in NPR 7150.2. If you would like to suggest a tool to be added to this
list, please add a comment at the very bottom. Thanks!

add new tool

Tool name Type Owner/Source
AccuRev CcoTs AccuRev

Action Itermn Downloadable | GSFC

Tracking Toaol

AD hoc COTS Comala

Workflows Technology
Solutions

Agency Process Asset  MASA Office of

Frocess Library the Chief

Asset Library Engineer

PAL

hitp:diwe wwe . accurev. com/accy
rev.html ...

http=:iinen.nasa.qoviwebizoft
warenasa-software-process-
azzet-librarv-pal?

p p id=webconnector WAR
WE ..

hitp:diw ww adhocworkflows.
com/dizplaviWAW W/ Home ...

hitps:#inen.nasa.gov/webizoft
warefnasa-software-process-

azset-library-pal ...

Link

Description

Configuration

Affiliated
SWE
[SWE-DB0]

User

management, source | JFL K3C

cantral

Excel spreadsheet
that tracks action

SWE-020,
SVWE-051
GSFC

items and produces a

summary report.

Attributes tracked for

each action item
include D, Action
Iltem, Assigned To,
Friarity, Date Opene
Date Due, Date
Closed, Days
Opened, and Motes.

Ad hoc Workflows
helps organizations
specify workflows to
gain dependable,
repeatable and
compliant processe

The MASA Agency
software engineerin

d,

SWE-005
GRC

5.

SWE-098,
SWE-095
g All Centers

Process Asset Library

(Agency PAL)is a
resource for the
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Handbook team

Qur Software Engineering Handbook team welcomes you to the handbook website! We hope you find
this material helpful and useful as you develop the software products and processes that power our
MNAZA technology, satellites and support systems.

Name Role
John Kelly Software Engineering Program Executive
Kevin Carmichael Team Lead
Jaon Verville Lead Architect

Kathy Malnick Technical Author
Dan Gauntner
Dave York

Lee Jackson Technical Editor

Liza Dallas Web Editor
Lee Jackson
Jon Verville

Special thanks to

MASA Software Working Group (NSWG) & MASA Software Steering Committee (NSSC) for their review
and input on the NASA Software Engineering Handhook.

L
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4
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Welcome from your handbook team!

We are (left to right): Dan Gauntner, Jon Venille, Lee Jacksaon,
Tommy Tayman, Kathy Malnick, and Kevin Carmichael (Lead)
Mot pictured: John Kelly, Dave York

Picture taken in front of the new A-3 Test Stand® at S5C2




References Table

Post Q Download _E

feedback | pageas PDF
B This table includes references from across the Handbook.
dd new referance
Reference Link Title Citation Notes Affilisted SWE
1D (click
to edit)
SWEREF- IEpeldocs Softwars Development Frocess Description Document, EI32-01-001, Revision R,
001 Flight and Grownd Software Division, Marshall Space Flight Center (MSFC), 2010,
Softwars Developmant Process Description Document, E132-01-001, Revizion R, Flight and Ground Software Division, Marshall Space Flight Canter (MSFC),  S== Chapter 8.
2010.
Softwars Development Process Description Document, EI22-01-001, Revision R, Flight and Ground Software Division, Marshall Space Flight Center (MSFC),  Se= Chapter 18, ez
2010.
% Softwars Development Process Description Document, EI22-01-001, Revision R, Sz= Chapters Band 9. EwEsz
ZsEeripEn-al ight and Ground Software Division, Marshall Space Flight Center (MSFC), 2010.
P D M=weboomnector WAR
e
FEDEneT AZER oWER/E0Y . T . it 2. - " . ivisi " 2 BN
e oonusnan Software Developmenm Description Document, E132-01-001, Revision R, Flight and Ground Software Division, Marshall Space Flight Center (MSFC),  See Chapter 12,
‘Z5get-orar—palr 2010.
D D FeWeDGrmecior WAR \
T e onena Software Devel P Description Do EIZZ0R Revision R, Flight and Ground Software Division, Marshall Space Flight G MSFG),  SeeGh 1Band 17 b
e e pment Frocess ription Document, O vision R, Flight and Groun tware Division, Marshall Space Flight Genter { ). apters 16and 17
3sset-library-pal

D D I3=WEDCONNECior WAR
PEDE INEN N353 QOUWED'E0Y
WATENEEE-E0TNATE-DI0TEEE
ZsEg-lorEn-nalt

D 0 I3=Weboonnecor WAR
N2DE NS0 N353 QOUWED'E0Y
WErSTEs3-SENATEDIDCEEE-
EEEEClDiEn-0al

DD Id=weboonnecior WAR
W

Reference
ID (click to
edit)

SWEREF-
001-023

1= 12 |22 |10

(BN

1= |12

https://docs-
nen.nasa.gov/clou
drepo/file/....

Softwsre Development Process Description Document, EI32-01-001, Revision R,
Flight and Ground Software Division, Marshall Space Flight Canter (MSFC), 2010.

Softwsre Development Process Description Document, EI32-01-001,

Prepare Prazolicitation Documents,

WATE LBV Tarhrinel Eraresunrl

Title

Software
Development Process
Description
Document, ElI32-0Ol-
001.

Q10.

Revision R, Flight and Ground Software Division, Malshall
2010.

Revizion 0-1, LM5-0P-4803, Langley Resaarch Canter (LaRC) Office of Procuramant,
2008,

U N8t Bauizine b KWATE | rderandent Usrifinatine 2 Uzlidztinn Demarsne 3011

Citation

Revision R, Flight and
Ground Software
Division, Marshall Space
Flight Center (MSFC),
2010.

aal=r (MSFC),

Ses Chapter 13,

Szs Chapters.

SWEQTE SWE-DI0. IWEDEL
SwEaE

SWEQ4S SWE-DIZ IWE0SL
SWELTI BWEDE

S07 S0

SWEGEE, Topke 73

Affiliated
SWE

See Chapter 8.

SWE-023
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Sources of definitions

Requirement 001

In an email from Dave York on October 14, 2010 regarding the authoritative source of definitions, they should be pulled from the sources in the following order of
priority:

1. MPR 7150.2A MASA Software Engineering Requirernents, Appendix A, Definitions®
2. Aerospace Science & Technology Dictionary - STI - hitp:ihwww sti nasa govinasaonlyAerSpace DICT/index htrm®
NOTE: The link above is only for those coming from a MASA gov domain - the public, though trimmed down version is here:
hitp:ifwww.sti.nasa.gowSTI-public-homepage. htm|?
3. MPDs (use NODIS to search here®)
4 MPRs (use NODIS to search here®)
5. 3TDs (standards nasa.qov®)
f. IEEE (search using this wehsite: IEEE SE VOCAB project at hitp-/ipascal computer. ora/sev displavindex action®)

7. Webster's Dictionar®

Requirement 002

You shall state the referenced material which the term came from.

add new term

Term Definition

Center Director or the Center Director's designed Engineering Technical Authority (joint Engineering TA & SMA TA if delegated)

abstraction Abstraction captures and represents only those details about an object that are relevant to the current perspective.

Accredit The official acceptance of a software development tool, model, or simulation, (including associated data) to use for a specific purpose. (Source: NPR
715024 - Appendix A)

Accuracy The difference between a parameter or variable (or a set of parameters orvariables) within a model, simulation, or experiment and the true value or the
assumed true value (Definition from source document: MASA-STD-7009, Standard for Models and Simulations.) (Source: MPR 715024 - Appendix &)

Acquisition Planning. Acg_Plan is also a search tag used in this Software Engineering Handbook to designate a subject relationship with "Acquisition
Flanning”.
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